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Abstract: Lake Dianchi, a representative plateau freshwater lake in China, has experienced escalating eutrophication in recent

decades, largely driven by intensified anthropogenic activities and sustained nutrient inputs. To elucidate the composition and sources
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of sterols in surface sediments, we conducted systematic multi-site sampling and analyzed the spatial distribution of sterol biomarkers,
total organic carbon (TOC), total nitrogen (TN), and C/N ratios in relation to watershed land use. Results revealed pronounced spatial
heterogeneity in organic matter content and C/N ratios. The Caohai region, influenced by substantial urban runoff and multiple
inflowing rivers, showed higher organic matter content and elevated C/N ratios relative to Waihai, following a distinct
southwest-to-northeast decreasing gradient. Within Waihai, deeper central zones exhibited greater organic matter and higher C/N
ratios than peripheral shallow areas, forming a center-high, margin-low spatial pattern. Coprostanol and its epimer (C27) were
concentrated in Caohai and the northeastern and southern parts of Waihai, indicating substantial sewage and anthropogenic inputs.
Cholesterol and cholestanol (C27) were enriched in northern Caohai, central Waihai, and southern Waihai, reflecting autochthonous
organic matter derived from plankton. Campesterol (C28), stigmasterol, and B-sitosterol (C29) were relatively enriched in central and
southern Waihai—areas with intensive agriculture and high cropland coverage—suggesting strong agricultural influence. Dinosterol
(C30) was notably concentrated in southern Waihai, consistent with high dinoflagellate biomass in this region. Hydrodynamic
conditions also played a critical role: in the semi-enclosed, low-energy Caohai region, all organic indicators showed high values,
whereas the Haikou—Shitoucun fault zone, characterized by large water-depth variations and strong hydrodynamic disturbance,
exhibited low concentrations of organic matter and sterols. This study systematically characterizes multiple organic matter sources in
Lake Dianchi sediments using sterol biomarkers, clearly differentiating autochthonous and allochthonous contributions. The results
advance methodological approaches for organic matter source apportionment and provide a theoretical basis for understanding
eutrophication mechanisms and tracing pollution sources in complex aquatic systems.
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Fig.1 Geographic location, sampling sites, and land use in Lake Dianchi. (a) Elevation map of Yunnan Province with the location of
Lake Dianchi; (b) Sampling locations of surface sediments in Lake Dianchi; (c)Land use and sub-basin divisions in the Lake Dianchi

watershed: Forest (33.66%), urban Land (27.42%), Grassland (16.80%), Water Body (10.56%), Cropland (7.82%), Barren Land

(3.73%)

A: Caohai Area; B: Northeast Outer Lake; C: Central Outer Lake; D: Haikou-Shitou Village Fault Zone; E: South Outer Lake
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Fig.2 Violin plots of (a) TOC, (b)TN, (c) C/N in surface sediments from different regions Lake Dianchi
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Fig.3 (a) Chromatograms and mass spectra of sterols in organic matter samples from surface sediments of Lake Dianchi; (b) Mass
spectra of TMS derivatives of various sterols and their chemical structures.
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Fig.5 Spatial distribution maps of (a) TOC (%); (b) TN (%); (c) C/N ratio in surface sediments Lake Dianchi
A: Caohai Area; B: Northeast Outer Lake; C: Central Outer Lake; D: Haikou-Shitou Village Fault Zone; E: South Outer Lake
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